The causes leading to slow earthquakes and multiple earthquakes are theoretically investigated. The unsteady propagation of longitudinal shear cracks are analysed as a mathematical model. The inhomogeneous distributions of initial stress, sliding frictional stress and specific fracture energy are introduced. The specific fracture energy is the amount of energy needed to creat a unit area of new crack surface. The energy rate balance is considered as the fracture criterion. The inhomogeneously distributed initial stress is regarded as an internal stress.
Introduction
Recently many seismologists have become interested in the effects of the inhomogeneities of stress and material properties on focal processes. The inhomogeneity is certainly important to the generation of short period component of seismic waves (MIKMO and MIYATAKE, 1978) . The inhomogeneity of the stress difference given by initial stress minus sliding frictional stress is also important to the arrest of rupture propagations (YAMASHITA, 1976) .
The Earth's crust contains many faults, and the tectonics of the Earth may be related to thermal processes. Therefore the initial stress associated with the generation of earthquakes should be regarded as an internal stress. SAVAGE (1969) showed the importance of the concept of internal stress for the energy balance of fault motions in a medium surrounded by a free surface, and also that the initial stress of earthquakes should be regarded as an internal stress. Internal stress may have regional characteristics and have inhomogeneous distribution, and YAMASHITA (1976, 1977, 1978) assumed an inhomogeneously distributed initial stress, which is regarded as internal stress. He found that there is a big difference between the initial stress field of earthquakes along a trench and that of Japanese inland earthquakes. He (YAMASHITA, 1979a ) also showed the importance of the inhomogeneous distribution of initial stress for the generation of aftershocks. In this paper also, inhomogeneously distributed initial stress is regarded as internal stress.
In general, sliding frictional stress is a function of displacement, displacement velocity and position. If the material in the fault zone shows viscoelastic properties, sliding frictional stress is naturally dependent on displacement and displacement velocity. The dependence on position is related with the irregularity of material properties on the fault surface. In this paper we consider only the dependence on position, and the viscoelastic properties are not considered.
In this paper we analyse the unsteady propagation of longitudinal shear cracks, and the causes leading to slow earthquakes and multiple earthquakes are theoretically investigated. Recently SACKS et al. (1978) , KANAMORI and STEWART (1979) and KASAHARA and SASATANI (1979) observed some slow earthquakes. The time scale for the rupture process of slow earthquake is considerably such as the 1940 Imperial Valley earthquake (TRIFUNAC and BRUNE, 1970) , the 1964 Alaska earthquake (WYSS and BRUNE, 1967) and the 1965 Rat Island earthquake (WU and KANAMORI, 1973) . SASATANI (1977) concluded, from the analysis of seismograms, that the generative mechanisms of multiple earthquakes can be tectonically classified into two types. One is that multiple events are generated when rupture tips reach tectonically discontinuous planes. The other is that multiple events are triggered by seismic waves generated by distant events. The latter problem has been theoretically studied by ACHENBACH (1970) , who confirmed that the propagation of an existing crack can be caused as the elastic waves strike a crack tip. Therefore we consider only the former case in this paper.
It will be shown in this paper that the inhomogeneously distributed initial stress, sliding frictional stress and specific fracture energy play important roles in the generation of slow earthquakes and multiple earthquakes.
The problem is mathematically solved by a method used by KOSTROV (1966) . In this paper the energy criterion is employed, where energy for the formation of new crack surface is taken into account. DAS and AKI (1977) and MIKUMO and MIYATAKE (1978) investigated the effect of inhomogeneously distributed stress on focal processes. However Mikumo and Miyatake adopted the idea of static frictional stress as the criterion of fracture at the crack tip. The fracture criterion developed by Das and Aki is equivalent to that of Mikumo and Miyatake. YAMASHITA (1976, 1977, 1978, 1979a ) also used the idea of static frictional stress. Since the cohesion across a fault plane may be strong for active faults which move only very rarely, the idea of energy rate balance will be more appropriate to such a case. It is natural that the energy criterion should be used for fresh fractures.
In our mathematical model, tectonic stress which contributes to the velocity 171 of crack tip extension and the growth of displacement on the crack surface is the difference between initial stress and sliding frictional stress. Therefore only the difference is mathematically meaningful.
Mathematical Formulations
A crack is assumed to occupy initially the region -2a<x<0, y=0. This crack is hereafter called the initial crack. It is also assumed that initially there exist static stresses pzx* and pzy*, hereafter called "initial stresses", regarded as internal stresses which have their origins outside the initial crack. Therefore the total stress in the initial state is the sum of the "initial stress" and the stress due to the initial crack. When we consider an elastic deformation at a point outside the origins of internal stress, the origins may be represented by the distribution of body forces in the theory of linear elasticity (e.g. MURA and MORI, 1976; YAMASHITA, 1979) . Therefore the initial stress can have a fairly inhomogeneous distribution. Origins of internal stresses are physically associated with plastic flow, viscoelasticity, thermoelasticity and so on.
In our problem of crack extension, the displacement w, normal to the xy plane, is written as
by superposition, where w*, w0 and w(ex) are the displacements due to initial stress, initial crack and extending crack respectively. The displacement measured from the initial state is denoted by w(ex) (x, y, t). Since the initial stress and the stress due to the initial crack both satisfy the equation of equilibrium, w(ex) (x, y, t) satisfies the equation holds ahead of the crack tip. We assume that only the right-hand tip of the initial crack extends in the positive x direction and the left-hand tip remains stationary. Elastic shear waves w (ex)(x , y, t) are generated by the extension of the right-hand tip. When these waves reach the left-hand tip, diffracted waves are excited there. In this paper, we obtain solutions valid only in the time range before the arrival of the diffracted waves.
In a similar way as obtained by KOSTROV (1966) , the wave propagation problem defined by Eqs. (2.2), (2.3), (2.4) and (2.6) can be solved by employing a Green's function approach. The displacement w(ex)(x0, y0, t0) in the half plane The stress change measured from the initial state is denoted by pzi(ex)(x, y, t) where i stands for x or y. Equation (2.11) is evidently satisfied if (2.13)
The Abel integral equation (2.13) can be solved in the standard fashion to yield (2.14)
